The three-dimensional structure of the product of the reaction of a diol epoxide of the carcinogen 5-methylchrysene with methanol has been determined by an X-ray diffraction analysis. The diol epoxide used to obtain this compound contains a stereochemically hindered bay region because of the location of the 5-methyl group, and this might be expected to affect the type of chemical reaction that occurs. The crystal structure analysis of this adduct of a polycyclic aromatic hydrocarbon (PAH) showed that a methoxy group has been added at the carbon atom of the epoxy group that is nearest to the aromatic system. The bond that is formed is axial to the ring system so that the carbon and hydrogen atoms of the methoxy group are considerably displaced from the PAH ring plane. The bayregion methyl group at position 5 is displaced out of the ring plane in the opposite direction. The major steric distortion in this methanol adduct is shown, by a comparison with crystal structures of related non-methylated compounds, to be in the area of the 5-methyl group and not in the tetrol-bearing ring. The steric effects that caused the axial conformation of the newly formed bond would also be expected to pertain in the DNA adduct of a PAH with a bay-region methyl group. Since the presence of the bay-region methyl group in 5-methylchrysene has been shown to enhance the carcinogenicity of this PAH over the parent compound or compounds with methyl groups in other positions of the molecule, it might be anticipated that this axial bond is found in carcinogenic lesions in DNA, and that any factor that ensures this axial conformation may accentuate the carcinogenic potential of a PAH of the appropriate size.
Introduction
The alkylation of DNA by a diol epoxide of a polycyclic aromatic hydrocarbon (PAH*) results in a covalent adduct that is potentially a carcinogenic lesion (1-6). If this DNA damage escapes the action of repair enzymes, cancer may result. The stereochemistry around the newly formed chemical bond in the adduct is of considerable interest. The carcinogenic potential of a PAH is increased when a bayregion methyl group is present (7) (8) (9) (10) (11) . Since this methyl group is spatially near to the newly formed bond, it is presumed to have some stereochemical impact on the conformation of the adduct. The interactions between a bayregion methyl group and the covalent bond formed to DNA by a diol epoxide are the subject of this article.
5-methylchrysene (1 in Scheme 1), unlike chrysene and Table   Atom   Cl  C2  C3  C4  C5  C6  C7  C8  C9  CIO  Cll  C12  C13  C14  C15  C16  C17  C18  C19  C20  01  02  O3  O4  HI  H2  H3  H4  H6  H7  H8  H9  H10  Hll  H12  H19  H19'  H19"  H20  H20'  H20"  HOI  HO2  HO3 I. Atomic coordinates, given structure is presented here. The chemical reaction is shown in Scheme 1. The product provides a simplified model of an adduct of DNA and a PAH with a bay-region methyl group.
Materials and methods

Crystal data
Crystals were grown from an aqueous methanolic solution of 5-methylchrysene-l,2-dihydro-l,2-diol-3,4-epoxide that had been prepared as described in Reference 16. In a repeat of this preparation we found, by HPLC analysis, that one main product (90% of the total) had been formed. No other crystal forms were observed in the crystallization dish. A plate-like, colorless crystal of compound 2 of dimensions 0.21X0.19X0.03 mm was used for X-ray diffraction studies. The crystals are monoclinic, space group Pl\lc. with unit X-ray diffraction analysis X-ray diffraction data were measured at room temperature for a crystal by a Enraf-Nonius FAST diffractometer with MoKa radiation (X = 0.71073 A) from a rotating anode, and a graphite monochromator. Unit-cell dimensions were measured from 250 intense Bragg reflections in the 6 range 11-18.8°. Intensity data were measured by the rotation method with box integration. In all 5266 intensities were measured. After averaging duplicate and equivalent reflections, 2282 unique Bragg reflections were obtained. Of these, 1193 had intensities (/) greater than 2rj(/) and were considered observed. The program 1 MADNES (17, 18) was used during the data collection and for the integration of data frames. The experimental 8 range was 2.5-23.3°. The internal R value (on the intensity) was 0.085. No absorption correction was considered necessary (n = 0 093 mm" 1 ). The program XSCALE and in-house computer programs (19, 20) were used for the reduction of the raw diffraction data.
Structure determination and refinement The crystal structure of compound 2 was determined by direct methods with MULTAN88 (21) . The in-house program ICRFMLS (22, 23) was used for a full-matrix least-squares refinement of the structure. The weighting scheme was w = l/[a 2 (F o )]. Hydrogen atoms were found using Fourier difference maps. Scattering factors used were those published in International Tables for X-ray crystallography (24) . After the final anisotropic refinement (isotropic for hydrogen atoms), the residual was R = 0.041 for 1193 Bragg reflections where \F 0 \ > 4a(F 0 ) (R M = 0.089) and wR = 0.077 with a goodness-of-fit of 0.96 for all data and 1.2 for observed data. The final Fourier difference map showed little remaining electron density, the maxima and minima having values of 0.18 and -0.18 e A" 3 , respectively. The atomic numbering system used in this analysis is shown in Figure 1 . Atomic coordinates of the refined structure are listed in Table I ; atomic displacement parameters and observed and calculated structure factors have been deposited (see note at the end of this article for information on how to obtain these data). Molecular diagrams were drawn with the in-house program ICRVTEW (25) .
Results and discussion
The structure reported here is a reaction product from Scheme 1. Other reaction products may also be formed but none were Hindered bay region Figure 3 the relative locations of the two closest hydrogen atoms in methyl groups in the bay region and on the methoxy group are shown. The methoxy group is below the plane of the ring system in the orientation shown here, while the bay-region methyl group is above this plane. The major steric interaction is between the hydrogen atom on C4 (to which the methoxy group is also attached) and two hydrogen atoms on the methyl group attached to C5, as indicated by filled bonds in Figure 3 . In general, a C-H bond of a methyl group will tend to lie in the plane of the ring system over a localized double bond (i.e. C5-C6 for the methyl group on C5). The steric overcrowding caused by the hydrogen atom on C4 modifies this (see Figure lb) .
The methoxy group and its adjacent trans hydroxyl group are axial to the ring system, while the other two trans hydroxyl groups are equatorial, as shown in Figure 4 and highlighted by filled bonds. The trans conformations would be expected as a result of trans addition to an epoxide group. The principles that force a substituent to be axial if there is steric hindrance, but allow it to equilibrate between axial and equatorial conformers if there is no steric hindrance, have been verified experimentally for several PAH derivatives (26) . The stereochemical results of crystal structure determinations of two PAH tetrols, those of benz[a]anthracene (27) and benzo[a]-pyrene (28) are shown in Figure 5 . As for the structure described here, there are two axial and two equatorial hydroxyl groups. NMR studies indicate that the non-hindered benz[a]anthracene tetrol is a 50:50 mixture in which axial groups can flip to equatorial and vice versa (27) , while the benzo[a]pyrene tetrol, which has a hindered bay region, appears to maintain the conformation found in the crystalline state in which the hydroxyl group nearest to the bay region is axial (28) . Thus NMR and X-ray diffraction results are in agreement on the consequences of steric hindrance.
The major distortion in the adduct reported here appears to be in the area of the 5-methyl group, not in the tetrol-bearing ring. This is shown in Figure 6 , which contains the torsion angles in the compound studied here and the two tetrols. In the title compound bay-region torsion angles are high (up to 23°), while for the molecule without a bay-region methyl group (benzo[a]pyrene tetrol) or for the totally unhindered molecule (benz[a]anthracene tetrol) these values are near zero. Bond angles in the bay region of the compound described here are high (angle C14-C15-C5 = 125.4°, angle C15-C5-C19 = 124.5°), as the hydrogen atom H4 on C4 and two on the 5-methyl group interact sterically with each other. Thus the molecule accommodates this steric overcrowding by increased interbond angles and by a twisting within the molecule. Some bonding deformation is also found in that the angles around C5 do not add up to 360°, only to 359.4°. This slight pyramidalization of the carbon atom may add to its reactivity and also to its alignment in a biological macromolecule.
In summary, alkylation of the diol epoxide of 5-methylchrysene occurs on the side of the epoxide nearest to the aromatic system. It results in a methoxy group with an axial bond adjacent to the bay region as a result of steric hindrance. It is probable that the bay-region methyl group helps maintain the conformation of the hydroxyl group-bearing ring. This may be part of the explanation for the increased carcinogenicity of bay-region methylated PAHs over those lacking this methyl group. The bay-region methyl group has also been found to assist in carcinogen-induced DNA bending (29) , probably aided by the stereochemical distortions in the bay region.
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